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FIELD 

[0001] The present invention pertains to designing of a test environment providing 

reliable test signal integrity during testing of electronic devices, and to evaluating the 
performance of the test environment and of an electronic device during testing of the electronic 
device. 

BACKGROUND 

[0002] The designing of an electronic device such as an integrated circuit chip is a 

complex, time consuming, and consequently costly procedure. The device design is frequently 
tested at various points during the design and implementation process to be certain that the 
device will perform as desired. In addition, during high volume manufacturing of the device, 
each unit of the device must be tested to be certain it is acceptable. The ultimate performance of 
the electronic device, however, is as a part of an overall system. In such use, the electronic 
device is generally mounted on a circuit board, such as a motherboard, and is electrically 
connected to other components on the circuit board. To test the device an input signal might be 
applied that simulates the input signal which the device is to receive during its regular operation 
on the circuit board, and the resulting output signal is monitored to see how it compares with the 
output signal that should be obtained during that regular operation. However, during the testing 
the input signal is provided by, and the output signal is applied to, test equipment, and not by and 
to other circuit components on the motherboard. That test equipment generally includes a 
general purpose tester and a tester interface unit that is designed for use with the specific 
electronic device under test. Even though the test equipment is designed to emulate the other 
circuit components on the motherboard, that emulation is not total. By way of example, signal 
propagation times are different. Output impedances, particularly, capacitances, may differ. In 



general, the integrity of the input and output signals is different during testing as compared with 
during actual use. As a result, performance on the test equipment does not accurately emulate 
the performance on the motherboard. This problem is exacerbated when there are multiple types 
of electronic devices, and so multiple types of inputs and outputs on the circuit board. 

SUMMARY 

[0003] The present invention is a method of and an apparatus for designing a test 

environment providing reliable test signal integrity, and of evaluating performance of the test 
environment and of an electronic device during testing of the electronic device. In accordance 
with the present invention, a virtual test environment is created emulating the actual test 
environment in which the electronic device is to be tested. A virtual device emulating the actual 
electronic device is implanted into the virtual test environment, and that virtual device is 
stimulated with an input test signal emulating the actual input signal that is applied to the actual 
device by the actual test equipment. The integrity of the input test signal and the resulting virtual 
device output signal is evaluated. The invention can be implemented on a properly programmed 
general purpose processing system or on a special purpose system. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0004] These and other aspects and advantages of the present invention are more 

apparent from the following detailed description and claims, particularly when considered in 
conjunction with the accompanying drawings. In the drawings: 
[0005] Figure 1 is a block diagram illustrating an electronic device in use; 

[0006] Figure 2 is a block diagram illustrating the testing of an electronic device; 

[0007] Figure 3 is a block diagram of a conventional test environment for an electronic 

device; 

[0008] Figure 4 is a block diagram illustrating the testing of a virtual electronic device in 

accordance with a preferred embodiment of the present invention; 
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[0009] Figure 5 is a block diagram of a preferred embodiment of a virtual test 

environment in accordance with the present invention; 

[0010] Figure 6 is a block diagram of apparatus implementing the invention; and 

[001 1] Figure 7 is a flowchart of a preferred embodiment of a method in accordance with 

the present invention. 

DETAILED DESCRIPTION 
[0012] Figure 1 illustrates an electronic device 10 in an environment in which it might 

ordinarily be used. In the illustrative example of Figure 1, electronic device 10 is mounted on 
motherboard 12 to receive an input signal via connection 14 from a signal source 16 and to apply 
an output signal via connection 18 to signal destination 20. Electronic device 10 might be an 
integrated circuit chip, for example. In designing electronic device 10, the expected input signal 
from signal source 16 and the desired output signal to signal destination 20 are utilized to 
determine the characteristics to be designed into device 10. At various stages during the design 
process, it may be desirable to test the design of device 10. In addition, during high volume 
manufacturing of electronic device 10, acceptance testing of each manufactured device is 
preferably performed. Figure 2 illustrates the testing of an electronic device 10 which might be 
an electronic device undergoing design evaluation or a manufactured device undergoing 
acceptance testing. The device 10 receives an input test signal on line 22 from test driver 24 and 
provides an output test signal on line 26 to test receiver 28. The input test signal from test driver 
24 emulates the input signal from signal source 16, and the resulting output test signal applied to 
test receiver 28 should emulate the output signal applied by device 10 to signal destination 20. 
The output test signal is evaluated to determine whether device 10 is acceptable. 
[0013] Figure 3 is a block diagram of a conventional test environment for an electronic 

device such as device 10, Tester 30 includes test driver 24, test receiver 28, and timer 32. Test 
driver 24 is connected by line 34 to output connector 36, which is connected by line 22a to tester 
interface unit 38. Test receiver 28 is connected by line 40 to input connector 42, which is 
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connected to tester interface unit 38 by line 26a. Timer 32 is connected to test driver 24 by line 
44 and to test receiver 28 by line 46. Connectors 36 and 42 are preferably spring biased 
connector pins. Tester interface unit 38, in turn, is connected by line 22b to input connector 50 
of the device under test 10 and by line 26b to output connector 54 of device 10. 
[0014] Test driver 24 applies an input test signal via line 34, connector 36, and line 22a 

to tester interface unit 38 which applies the signal via line 22b to input connector 50 of the 
device under test 10. The resulting output signal from device 10 is applied via connector 54 and 
line 26b to tester interface unit 38 which applies the output signal via line 26a, connector 42, and 
line 40 to test receiver 28. Tester interface unit 38 is designed to permit a general purpose tester 
30 to test various electronic devices of different designs, as in well known in the art. 
[00 1 5] When a device 10 is to be tested, test driver 24 applies an input test signal to the 

device under test 10 and applies a signal on line 44 to start timer 32. The resulting output test 
signal from device under test 10 is applied to test receiver 28, and the test receiver then applies a 
signal on line 46 to stop timer 32. Figure 3 depicts tester 30 testing a single device 10. In 
practice, tester 30 has a large number of test channels, for example 512 test channels, enabling 
the tester to test a large number of devices at the same time, including devices of various types. 
[0016] On motherboard 12, the length of the signal paths 14 and 18 between signal 

source 16 and signal destination 20, and through device 10 is less than the length of the signal 
paths 22a, 22b and 26b, 26a between test driver 24 and test receiver 28 and through tester 
interface unit 38 and device 10. Consequently, more time elapses between initiation of the input 
test signal by test driver 24 and receipt of the output test signal by test receiver 28 than between 
initiation of the input signal by signal source 16 and receipt of the output signal by signal 
destination 20. Timer 32 shows this greater period of time. In addition, capacitances and 
inductances of the test arrangement of Figure 3 differ from those of the operational arrangement 
of Figure 1, affecting the signal rise and decay times. Further, technology advances have 
resulted in numerous electronic devices such as device 10 having faster speeds than test 
equipment such as tester 30. These higher speeds also bring into consideration transmission line 
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effects, skin effects, and wave effects which are not accommodated by many present day pieces 

of test equipment. Thus, tester 30 does not provide an accurate test of the device 10 the 

operational environment of the device. \ 

[0017] Figure 4 illustrates a virtual test driver 56 applying an input test signal via line 58 

to a virtual electronic device 60. Virtual electronic device 60 applies an output test signal via 

line 62 to virtual test receiver 64. The arrangement of Figure 4 can be implemented on a 

properly programmed processing system, with the result that the lengths and characteristics of 

leads 58 and 62 can be made to accurately reflect the length and characteristics of the leads 14 

and 18 on motherboard 12. Virtual test driver 56 and virtual test receiver 64 emulate test driver 

24 and test receiver 28, respectively, as well as tester interface unit 38, while virtual device 60 

emulates electronic device 10. 

[0018] Figure 5 is a detailed block diagram of a virtual tester 66 coupled to a virtual 

electronic device 60 in accordance with a preferred embodiment of the present invention. 
Virtual tester 66 includes virtual test driver 56 which is coupled by connection 58 to input 
terminal 68 of virtual electronic device 60. Virtual tester 54 also includes virtual test receiver 64 
which is coupled by connection 62 to output terminal 70 of virtual electronic device 60. In 
addition, virtual tester 60 includes a first timer 72 which is connected to virtual test driver 56 by 
line 74 and is connected to virtual test receiver 64 by line 76. Further, virtual tester 66 includes a 
second timer 78 which is connected to input terminal 68 of virtual electronic device 60 by 
connection 80 and is connected to output terminal 70 of virtual electronic device 60 by 
connection 82. 

[00 1 9] When virtual test driver 56 sends an input test signal to input connector 68 of 

virtual electronic device 60, the test driver also sends a signal on line 74 to start first timer 72. 
When the input test signal is applied from connector 68 to virtual device 60, a signal is applied 
from connector 68 to start second timer 78. When virtual device 60 applies an output signal to 
output connector 70, that output signal is applied by line 62 to virtual test receiver 64, and a 
signal is applied on line 82 to stop second timer 78. When the output signal is received by 
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virtual test receiver 64, the virtual test receiver applies a signal on line 76 to stop first timer 72. 
[0020] Connection 58 from virtual test driver 56 to connector 68 of virtual device 60 

emulates connections 22a and 22b and through tester interface unit 38 between test driver 24 and 
electronic device under test 10. Likewise, connection 62 from connector 70 to virtual test 
receiver 64 emulates connection 26b and 26a and through tester interface unit 38 between device 
10 and test receiver 28. Consequently, timer 72 provides readings corresponding with those of 
timer 32. Connectors 68 and 70 and connections 80 and 82 which couple virtual device 60 to 
timer 78 emulate connections 14 and 18 between signal source 16 and device 10 and between 
device 10 and signal destination 20 on motherboard 12. Consequently, timer 78 provide 
indications of signal transmission times corresponding with those experienced by device 10 on 
motherboard 12. 

[002 1 ] Figure 6 is an overall block diagram of apparatus in the form of a properly 

programmed general purpose processing system for implementing the invention. Bus 84 
interconnects central processing unit 86, memory 88, and input/output unit 90. Memory 88 can 
be a random access memory, for example. Input/output unit 90 is used to specify the type and 
characteristics of tester 30, tester interface unit 38, and electronic device 10 to be emulated, and 
thus the characteristics of virtual tester 66 and virtual device 60. Input/output unit 90 then 
initiates the virtual test and receives time signal outputs from timers 72 and 78. Based on those 
outputs, the characteristics of virtual tester 66 and/or virtual device 60 are adjusted. In addition, 
design of the actual device can be improved. Once satisfactory results, emulating the output 
expected from electronic device 10, are obtained, the characteristics are utilized in the design of 
electronic device 10 and/or tester interface unit 38. 

[0022] Figure 7 is a flowchart of a preferred embodiment of a method of evaluating the 

performance of a tester for testing an electronic device in accordance with the present invention. 
In a step SI, a virtual electronic device, emulating the actual electronic device, is created, and in 
a step S2 a virtual tester, emulating the actual tester, is created. In step S3 the virtual electronic 
device is implanted in the virtual tester. In step S4 the virtual electronic device is stimulated 
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with an input test signal emulating the test signal of the actual tester. Then in step S5 the output 
from the virtual electronic device is received, and in step S6 the input and output are evaluated to 
determine whether they in fact emulate the expected input and output of the actual electronic 
device 10. If not, then in step S7 the virtual tester or the virtual device, or both, are adjusted, 
and/or the design of the actual device is improved and the process returns to step S4. By way of 
example, the calibration of the virtual tester might be improved based on the evaluation. Once it 
is determined in step S6 that the virtual device input and output satisfactorily emulate the actual 
device input and output, the process ends in step S8. The resulting characteristics of the virtual 
tester can then be used in designing a tester interface unit for use with the actual electronic 
device 10. 

[0023] It is thus seen that in accordance with the present invention, it is possible to 

design test equipment that more satisfactorily tests an electronic device both during the design 
process, so as to more accurately achieve the desired device characteristics, and during 
acceptance testing of high volume manufacturing. Although the present invention has been 
described with reference to preferred embodiments, various alterations, rearrangements, and 
substitutions might be made, and still the result will be within the scope of the invention. 
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